Lorentz transmission electron microscopy (LTEM) is ideally suited for quantitative analysis of magnetic domains at the nanometer length scale. The ability to study both the microstructure and mag-netic domain structure simultaneously in functional materials allows for direct understanding of the fundamental role of inhomogeneities in microstructure as well as the effect of shape and size of nanostructures on the magnetic domain behavior. The current state of art LTEM enabled using aberration correctors allows for imaging down to sub-nanometer scale in field-free conditions. With in-situ LTEM capabilities, the magnetic domain behavior can be studied as a function of external stimuli such as temperature or applied field, to gain a more detailed understanding of the fundamental physics. In this talk, we will present the application of aberration corrected LTEM to study the magnetic domain behavior in strongly interacting magnetic nanostructures as well as functional materials.
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Topologically non-trivial spin textures such as skyrmions [1, 2] present unique opportunities to explore exciting fundamental phenomena, such as the topological Hall effect, as well as novel applications, such as skyrmion-based spintronics. We will present application of LTEM to visualize and understand the magnetic spin textures in two types of systems that can host skyrmions: (1) Ni 2 MnGa Heusler alloy system Figure 1 Figure  1(b) ). We will elucidate the nature of the skyrmions to be either Bloch-type or Néel-type as well as present in-situ studies of domain behavior in these systems to understand the stability of the skyrmions. We will also show that the chirality of both type of skyrmions can be unambiguously identified using LTEM.
Artificial spin ice lattices have recently emerged as a model system for studying magnetic frustration [4] . Most work to date has focused on the study of periodic artificial spin ice lattices. In our work, we have prepared artificial Permalloy spin ice lattices that have been patterned into quasicrystal P2 and P3 Penrose tilings (QC Lattices) that lack translational symmetry and are composed of vertices with a varying number of interacting elements as shown in Figure 2 (a) and (b) respectively [5] . We will present a novel network topology analysis of these QC lattices based on graph theory methods. Using this method, we will show the emergent local magnetic ordering that occurs in such lattices during magnetization reversal. We will also discuss the thermalization behavior of these lattices [7] . 
